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TachycardiaAbstract Introduction: Right ventricular entrainment represents a useful tool for differentiating
atrioventricular nodal re-entrant tachycardia (AVNRT) from orthodromic re-entrant tachycardia
(ORT) using an accessory pathway. However, inability to entrain PSVT by pacing can be observed
in some patients.
Aim of study: Assessing whether the resetting response to SVT by single or double right ventricular
extra-stimuli is a useful maneuver to differentiate AVNRT from OAVRT by calculating the differ-
ence between the stimulus-atrial interval during resetting of SVT and the VA interval during SVT
(SA–VA).
Methods: Electrophysiological study was conducted with a calculation of the SA–VA interval after
resetting of the tachycardia by ventricular extra stimulus and differential entrainment from RV
apex and base, then comparing the two methods regarding sensitivity and speciﬁcity in differenti-
ating AVNRT from OAVRT conducted on 25 patients.
Results: Measuring the SA–VA interval after resetting of the tachycardia by an extra stimulus dur-
ing the His refractoriness during the tachycardia showed in AVNRT a mean of 145.76 ± 31.53 and
in OAVRT a mean ± SD of 91.52 ± 12.79 with a high statistical signiﬁcance, with a cutoff point of
107 ms above which the SVT is expected to be AVNRT, and below which OAVRT. Using this tech-
nique could differentiate AVNRT from OAVRT with an overall sensitivity of 100% and speciﬁcity
of 76.47%, in comparison to a speciﬁcity of 81.8% when using the technique of differential entrain-
ment from RV apex and base.
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AVNRT from ORT and is applicable even when entrainment is impossible.
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The major types of SVT include atrioventricular reentrant
tachycardia, atrioventricular reciprocating tachycardia (anti-
dromic and orthodromic), focal atrial tachycardia, atrial ﬂut-
ter (typical and atypical) and atrial ﬁbrillation.1
Distinction between atrioventricular node re-entrant tachy-
cardia (AVNRT) and orthodromic AVRT using concealed
(AP) is sometimes difﬁcult using the location of retrograde P
waves on ECG.2 Recently, several phenomena have been de-
scribed (usually as indices) that can aid in distinguishing
AVNRT from the orthodromic form of AVRT.3
There is a recent study that has been performed using Tachy-
cardia entrainment from the right ventricular (RV) apex and
again from its base using pacing at 10–40 ms faster than the
tachycardia cycle length then stimulus-atrial (SA) interval was
measured from stimulus to the earliest atrial electrogram and
ventricle to atrium (VA) interval wasmeasured from the ventric-
ular electrogram at RV catheter in both sites; RV apex and RV
base; to the earliest atrial electrogramduring tachycardia. Final-
ly the SA–VA intervalwas calculated fromboth sites and the dif-
ference between them was calculated. However, inability to
entrain PSVT because of reproducible tachycardia interruption
by pacing can be observed in some patients. This study sought to
assess whether the resetting response to SVT by single or double
right ventricular extra-stimuli is a useful maneuver to differenti-
ate AVNRT from OAVRT by calculating the difference be-
tween the stimulus-atrial interval during resetting of SVT and
the VA interval during SVT (SA–VA).
2. Methods
This study was a prospective study which included 25 consec-
utive patients with documented narrow complex supraventric-
ular tachycardia referred to our EP group in Ain Shams
University hospitals for electrophysio-logical study and abla-
tion. All patients have documented narrow complex supraven-
tricular tachycardia by surface electrocardiogram or Holter
monitoring, with exclusion of atrial ﬂutter, manifest pathway,
and left concealed pathway. All antiarrhythmic drugs were dis-
continued for at least ﬁve half lives before the procedure. A
decapolar catheter was inserted via a left subclavian vein punc-
ture and positioned inside the coronary sinus (CS) under ﬂuo-
roscopic guidance in LAO or lateral views. Another three 6F
quadripolar catheters were introduced via the femoral vein
and advanced to record potentials from the high right atrium,
right ventricular apex and His bundle area across the tricuspid
valve, respectively. During ablation the atrial catheter was
substituted with the ablation catheter. All the catheters were
positioned under ﬂuoroscopic guidance. The ablation catheters
used were 7F, 4 mm tip deﬂectable catheters. The basic electro-
physiologic study was performed with a recording of the differ-
ent electrophysiologic intervals. The study starts by recording
12 lead surface ECG and measuring the sinus cycle length
(SCL) and the PR interval.3 Surface ECG 2 leads (II & V1)and intracardiac electrograms were displayed simultaneously
on a multichannel oscilloscope using GE (Marquette) EP sys-
tem in Ain Shams University hospitals at a speed of 200 mm/s
and represented for printing and analysis.
2.1. Electrical stimulation
The electrical stimulator used was Medtronic Model 5326
USA in Ain Shams University hospital which provides incre-
mental pacing, extrastimulation (up to 4 extra stimuli) on both
sinus rhythm and paced rhythm and short runs of very rapid
heart rate pacing. Atrial stimulation started by pacing the high
right atrium at decremental cycle length to assess the antegrade
AV nodal conduction till the Wenckebach cycle length and
measuring the 1:1 AV conduction cycle length. Then, using
the extrastimulation protocol, the ERP of the AV node was
measured as follows: the high right atrium was paced using a
train of eight beats (S1) drive at a cycle length of about 10%
less than the basic SCL with the introduction of single atrial
extrastimulus (S2), the coupling interval was decrementally ad-
justed till AV node became refractory.4
Then after induction of the tachycardia, the following pro-
tocols were done:
1. Entrainment of the tachycardia was done by RV apical pac-
ing 10–40 ms faster than the TCL. This was then repeated
from the RV base by putting the RV catheter on the RV
wall just under the tricuspid valve annulus. Stimulus to
the earliest atrial activation (S-A) interval from RV base
and RV apex were measured. And (V-A) intervals during
tachycardia were measured. The SA–VA interval was mea-
sured from both the apex and the base. The [SA–VA]apex–
[SA–VA]base was then calculated.5
2. Delivering single or double ventricular extrastimuli during
the tachycardia, measuring SA interval after resetting of
the tachycardia, measuring VA interval during the tachy-
cardia, and calculating the difference SA–VA.6
3. Then the tachycardia was terminated by overdrive pacing
and returned to sinus rhythm then right ventricular pacing
during the sinus rhythm was done from apex and then
repeated from the base with the same S–S interval. Then
the S–A intervals were measured from the RV apex and
from the RV base and compared.72.2. Ablation
After identiﬁcation of the tachycardia mechanism ablation was
done. In AVNRT case, ablation of the slow AV nodal pathway
was done by the ablation catheter using RF energy. In AVRT
case, ablation of the concealed accessory pathway was done
after having the proper recording in the ablation catheter
which has the earliest atrial wave closest to the ventricular
wave. After completing the ablation procedure, further EP
study was done to ensure the complete ablation of the
pathway.
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Figure 1 Interactive dot diagram for SA–VA after resetting of
the tachycardia with cut off point = 107 ms.
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AVNRT and orthodromic reciprocating tachycardia were con-
sidered for the analysis. Data were collected, veriﬁed, revised
and edited on a personal computer. It was then statistically
analyzed using SPSS statistical package version 17 and Micro-
soft Excel 2007.
Parametric data were expressed as mean ± standard devia-
tion (SD), and compared using two-tailed Student’s t-test.
Non-parametric data were expressed as percentages and com-
pared using Chi-Square test. An ANOVA test was used for the
analysis of variance. P value <0.05 was considered signiﬁcant
in all tests.
After ablation was completed, the success of the ablation
and the accuracy of the diagnosis were recognized as the
following:
In the case of AVNRT, absence or presence of AV nodal
echo beats after ablation and their numbers, absence of echo
beats or presence of one only was considered a successful abla-
tion, also inability to re-induce the tachycardia after the abla-
tion of the slow AVN pathway (successful ablation site) was
considered a parameter of successful ablation and for correct
diagnosis.
In the case of AVRT, inability to re-induce the tachycardia
after ablation of the AP (successful ablation site) together with
the presence of VA dissociation with ventricular stimulation
after ablation, were considered a parameter of successful abla-
tion and correct diagnosis of AVRT.
4. Results and discussion
The current study included 17 patients with AVNRT (67.5%)
and 8 patients with AVRT (32.5%).There was no statistically
signiﬁcant difference between the two types of supraventricular
tachycardia regarding the sex distribution and the heart rate of
tachycardia among the study population. On the other hand,
patients with AVNRT were older, their age ranged from
33 years to 55 years with a mean ± SD of 42.18 ± 7.54; while
the orthodromic AVRT group was younger, their age ranged
from 21 years to 55 years with a mean ± SD of 27.45 ± 5.
Likewise, a study carried out in 2009 by Di Toro et al. on
101 patients, 74 (73.3%) with AVNRT and 27 (26.7%) with
AVRT, showed no gender difference between the AVNRT
and the AVRT groups, while patients with AVNRT were also
older (49.4 ± 16.4 vs. 36.0 ± 18.7 years, p = 0.001). In con-
trary to our study, the data concerning the difference between
AVNRT and AVRT as regards the HR of tachycardia were
statistically signiﬁcant; the tachycardia cycle length was short-
er in patients with AVRT than in AVNRT (338 ± 69 vs.
370.8 ± 56 ms, p= 0.03)8 (Table 1).Table 1 Patients’ criteria in the study population.
n= 25 AVNRT(n= 1
Age 42.18 ± 7.54
Sex Male
7 (41.2%)
HR 197.7 ± 32.8
(SA–VA) after resetting 145.76 ± 31.3
(SA–VA) by diﬀerential entrainment {apex–base} 8.83 ± 7.22In our study, in 14 patients of the 17 patients with AVNRT
(88.89%) the resulting value was negative, while in the remain-
ing three patients with AVNRT (11.11%) the resulting value
was positive. In all the eight patients with orthodromic AVRT
in the study, the resulting value was positive. And in AVNRT
patients the mean {(S-A)–(V-A) apex}–{(S-A)–(S-A) base} was
8.83 with SD ±7.22, while in AVRT patients the mean for
this value was 7.81 with SD ±4.46. So, when the cutoff point
of ‘‘(SA–VA) base–(SA–VA) apex is 1, the overall sensitivity
is 100% and speciﬁcity is 81.8% in the differentiation between
AVNRT and OAVRT.
In 2010, Khan et al. examined 59 consecutive patients, 36
with AVNRT and 23 with AVRT by this technique, The
[SA–VA] apex–[SA–VA] base measured 9.36 ± 6.58 ms in
AVNRT and 10 ± 11.3 ms in AVRT (P< 0.001). The [SA–
VA] base was greater than the [SA–VA] apex in all AVNRT
cases, and was less than the [SA–VA] apex in all AVRT cases
except for two left lateral APs in which the difference was
5 ms.5
Measuring the SA–VA interval after resetting of the
tachycardia by an extra stimulus during the His refractoriness
during the tachycardia showed in AVNRT a mean of
145.76 ± 31.53 and showed in OAVRT a mean ± SD of
91.52 ± 12.79 with a high statistical signiﬁcance
(P value = 0.000).
Using the ‘‘interactive dot curve’’ to identify the cutoff
point when using the SA–VA interval after resetting of the
tachycardia in identifying the type of SVT showed that
107 ms is the cutoff point above which the SVT is expected7) AVRT (n= 8) P value
27.75 ± 5.45 0.000
Female Male Female 0.678
10 (58.8%) 4 (50%) 4 (50%)
203 ± 29.56 0.663
91.25 ± 12.79 0.000
7.81 ± 4.46 0.000
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Figure 2 ROC curve for SA–VA after resetting of the tachycar-
dia with p= 0.00.
274 A. Mortada et al.to be AVNRT, and below which it is expected to be AVRT.
‘‘Using the technique of (SA-VA), after resetting of the tachy-
cardia, could differentiate AVNRT from OAVRT’’ with an
overall sensitivity 100% and a speciﬁcity of 76.47%, in com-
parison to a speciﬁcity of 81.8% when using the technique of
differential RV entrainment (Figs. 1 and 2).
F.J. Garcia, et al. in 2011, studied 174 patients with SVT
and the Electrophysiological study demonstrated AVNRT in
111 patients and ORT in 63 patients. The inability to entrain
tachycardia because of pace termination was observed in 22
patients (12.7%). Resetting of SVT by single or double ventric-
ular extra stimulus was achieved in 72% and 100% of patients,
respectively. The mean SA–VA after resetting of tachycardia in
cases diagnosed as AVNRT was 150 ± 29, whereas in AVRT
was 58 ± 26. An SA–VA> 110 ms after resetting of SVT
identiﬁed patients with AVNRT with a S: 100%, Sp: 98%,
PPV: 99% and NPV: 100%, respectively.6
5. Conclusion
Right ventricular entrainment represents a useful tool for dif-
ferentiating atrioventricular nodal reentrant tachycardia
(AVNRT) from orthodromic reentrant tachycardia (ORT)using an accessory pathway (AP). However, the inability to en-
train PSVT because of reproducible tachycardia interruption
by pacing can be observed in some patients. Resetting of
SVT by ventricular extra stimuli is a useful maneuver for dif-
ferentiating AVNRT from ORT and is applicable to all cases
even when entrainment is impossible.
6. Study limitations
The results were from a single medical center (Ain Shams Uni-
versity Hospitals).The sample size was rather small. The distri-
bution of the two types of supraventricular tachycardia was
not equal in the study population. Only patients referred for
electrophysiological testing were included and, therefore, this
series may not be representative of all narrow QRS complex
tachycardia.
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